Background--The pathophysiological process of calcific aortic valve disease (CAVD) is similar to that of atherosclerosis. Leptin accelerates the process of atherosclerosis. We sought to examine the relationship between leptin and CAVD.
C alcified aortic valve disease (CAVD) is present in %20% to 30% of individuals aged >65 years and 48% of individuals aged >85 years. 1, 2 The late stage of CAVD, in the form of severe aortic stenosis, leads to increased mortality. 3 The pathophysiological features of CAVD include the degeneration of processes related to aging 4 and atherosclerosis. 5 Systemic inflammation has been observed in patients with CAVD. 6 The accumulation of lipids together with the infiltration of inflammatory cells have been found in early aortic valve lesions, 7 and active calcification and ossification are also regarded as crucial processes in the development of CAVD. 8, 9 Several randomized, placebo-controlled trials have failed to show that the use of statins slows the progression of aortic valve stenosis, 10 suggesting that despite similar risk factors and downstream mediators, there might be other pivotal pathogenic factors apart from the atherogenesis of CAVD. Thus, there is an increasing demand to further investigate the novel pathophysiological pathways and their modulation to prevent/delay the onset or progression of valve degeneration.
Leptin, a product of adipocytes regulated by obesityrelated genes, has been shown to have a proinflammatory effect, leading to cardiovascular disease, and even be associated with adverse cardiovascular events. 11, 12 Interestingly, aortic valve calcification was enhanced after long-term treatment with leptin in an animal study using an apolipoprotein E-deficient mouse model. 13 In human calcified aortic valves, leptin is highly expressed and promotes the osteoblastic differentiation of vascular smooth muscle cells 13, 14 and the calcification of valvular interstitial cells. 15 These observations suggest that leptin may also be involved in the process of CAVD. 16 In the current study, we investigated the relationship between serum leptin levels and CAVD.
Methods
The authors declare that all supporting data are available within the article.
Study Population
Of a total of 806 consecutive patients referred for coronary angiography/intervention in the Department of Cardiology, Shanghai Ruijin Hospital, from March to September 2017 because of typical anginal symptoms and/or electrocardiographic ST-T wave changes, 754 underwent standard transthoracic echocardiography and Doppler flow imaging, according to the recommendations of the American Society of Echocardiography during hospitalization, and were entered into the screening procedure for the current study. 17 Patients with acute coronary syndrome or stroke (n=208), congenital aortic valve malformation (n=5), previous aortic valve replacement (n=31), rheumatic disease (n=13), congenital heart disease (n=16), endocarditis (n=8), severe renal impairment with an estimated glomerular filtration rate (eGFR) <15 mL/ min per 1.73 m 2 (n=11), cancer (n=8), or autoimmune diseases (n=13) were excluded. We also excluded patients who were undergoing antiosteoporotic treatment (n=15) and those who refused to enter the study (n=29). CAVD was identified in 200 of the 397 patients who entered the study ( Figure 1 ). All demographic and clinical information was collected prospectively, and the study flowchart is shown in Figure 1 . The study protocol was approved by the Ethics Committee of Ruijin Hospital, Shanghai Jiao Tong University School of Medicine; and written informed consent was obtained from all patients.
Definitions and Measurements
CAVD was defined as opaque leaflets with focal areas of mild thickening and increased stiffness with or without an elevated peak transaortic valve flow velocity (≥2.0 m/s) 18 (Figure 2 ). The diagnosis of type 2 diabetes mellitus was performed according to the criteria of the American Diabetes Association, 19 and hypertension was defined according to the European Society of Cardiology/European Society of Hypertension guidelines. 20 Renal function was evaluated by eGFR, which was calculated using the Modification of Diet in Renal Disease equation. 21 Significant coronary artery disease was diagnosed if there was ≥50% diameter stenosis in at least one major epicardial coronary artery, according to the lesion classification scheme of the American College of Cardiology/ American Heart Association. 22 Fasting venous blood samples were obtained to measure the serum levels of leptin after obtaining informed consent. To avoid a diurnal variation in serum leptin concentration and dramatic fasting interval effects, all blood samples were taken at 8:00 AM and were immediately transferred at a freezing temperature and centrifuged within 30 minutes at 1400g for 20 minutes to obtain platelet-poor serum. All samples were stored at À80°C before analysis. The serum level of leptin was assessed using an ELISA kit (Human Leptin ELISA, Clinical Range; BioVendor catalog No. RD191001100), according to the manufacturer's instructions.
Experimental Study
To investigate the possible mechanism of action of leptin in the development of aortic valve calcification, we collected replaced calcific aortic valves from 3 patients after aortic valve surgery (leptin level >20 ng/mL) and normal aortic valves from 3 patients undergoing heart transplantation (leptin level <9 ng/mL). The expression of phosphorylated extracellular signal-regulated kinase (ERK) and ERK was determined. The tissues (100 mg for each sample) were lysed with T-PER Tissue Protein Extraction Reagent (Thermo-Fisher, Waltham, MA), and equal concentrations of protein were electrophoretic to separate on 10% SDS/PAGE. The gels
Clinical Perspective
What Is New?
• Serum leptin level was increased in patients with calcified aortic valve disease (CAVD). • Leptin levels correlated with age and renal function; and elevated leptin was revealed as an independent risk factor for the presence of CAVD, especially in patients with younger age and lower estimated glomerular filtration rate level. • The expression of extracellular signal-regulated kinase 1/2 was stronger in calcific than in normal aortic valves.
What Are the Clinical Implications?
• Cardiovascular inflammation, mediated by leptin, might have an important role in the development of CAVD. • Increased serum leptin conferred a greater risk and independently indicated the presence of CAVD, especially for patients with younger age and reduced renal function. • These data suggest that leptin may be a novel biomarker for CAVD. Its role in CAVD prevention and caring requires further evaluation in a large prospective trial.
were then blotted onto a poly (vinylidene difluoride) membrane. After blotting, the membrane was labeled with antibodies with phosphorylated ERK1/2 (1:1000), tERK1/2 (1:1000), and GAPDH (1:2000) . Finally, the membranes were incubated with horseradish peroxidase-conjugated secondary antibodies (1:5000) and explored with an electrochemiluminescence detection system (Millipore, MA). All antibodies were purchased from Cell Signaling (MA), and each image was captured and the intensity of each band was analyzed with Quantity One (Bio-Rad).
Statistical Analysis
Continuous variables are expressed as the mean and SD if data were normally distributed or the median with interquartile ranges when data were not normally distributed. Categorical data are summarized as proportions and frequencies.
Continuous and categorical variables were compared using independent t test or nonparametric and v 2 tests, respectively. Leptin was defined as a log-transformed continuous variable in logistic regression model analysis and an ordinal variable divided according to its tertiles using the lowest tertile as reference to evaluate its value. Multivariable logistic regression analysis was performed to assess the independent diagnostic value of leptin for the presence of CAVD, and the Hosmer-Lemeshow2 statistic was computed to assess model calibration (or how closely the calculated probabilities reflect actual risk). Odds ratios are presented after adjusting for age, sex, body mass index (BMI), risk factor for coronary artery disease, severity of coronary stenosis, alcohol consumption, lipid profiles, eGFR, and calcium and phosphorus levels. In addition, restricted cubic spline was used to investigate the possible association between serum leptin and CAVD. 23 We selected 5%, 35%, 65%, and 95% values of leptin as knots; tested the associations between knots using a cubic function; and presented the smoothly integrated graph. A small P<0.05 of a Wald-test type test with 2 degree of freedom indicated the nonlinear associations between leptin and CAVD. The diagnostic values of leptin and age were calculated by constructing receiver-operating characteristic curves. Spearman correlation analysis was performed to explore the relationship between leptin and clinical data that was statistically significant at baseline. All statistical analyses were performed using SPSS software, version 19.0 (SPSS, Inc, Chicago, IL) and Stata software (Stata 13; Stata Corporation, College Station, TX). Statistical significance was set at 2 tailed, and P<0.05 was considered statistically significant. All authors had full access to the data in the study and took responsibility for the integrity of data and accuracy of data analysis.
Results

Baseline Characteristics
Patients with CAVD were older (75.00 versus 59.00 years) and had a higher proportion of hypertension (77.0% versus 64.50%) and significant coronary artery disease (88.50% versus 68.00%) (all P<0.01) than non-CAVD patients, but the sex distribution, BMI, and proportion of smokers, individuals with diabetes mellitus, and alcohol consumers were similar in the 2 groups. 
Serum Leptin Levels and CAVD
The serum leptin level (median) was significantly higher in patients with CAVD than in their non-CAVD counterparts (20.07 and 9.03 ng/mL; P<0.01) ( Figure 3 ). Serum leptin correlated positively with age (r=0.37, P<0.01) and negatively with eGFR (r=À0.37, P<0.01) ( Figure 4 ). However, there was no significant relationship between leptin and high-density lipoprotein cholesterol, calcium, and phosphorus levels (all P>0.05). Because leptin has close relationships with body weight and BMI, we also explored leptin/BMI and leptin/body weight levels in the 2 groups as well as their relationships with age and eGFR. Both leptin/BMI (0.82 and 0.36; P<0.01) and leptin/body weight (0.28 and 0.13; P<0.01) were greater in patients with CAVD than in their non-CAVD counterparts. In addition, leptin/BMI and leptin/body weight correlated Univariate analysis showed that CAVD was associated with age, coronary artery stenosis, lower eGFR and high-density lipoprotein cholesterol, and elevated levels of calcium, phosphorus, and leptin. Multivariate logistic regression analyses revealed that serum levels of leptin remained an independent risk factor for the presence of CAVD ( Table 2) . The logistic regression model of P/(1ÀP)=exp[À14.79+ 0.20(age)+À1.89(high-density lipoprotein cholesterol)+1.03 (lg leptin per SD)+0.01(stenosis of coronary artery)], with the Nagelkerke R2 value of 0.68, was shown to be appropriate on the basis of the Hosmer-Lemeshow2 statistic (calibration, 0.94). Moreover, a nonlinear association between leptin and incident CAVD was demonstrated by a restricted cubic spline curve ( Figure 5 ). The receiver-operating characteristic curve analysis showed that the area under the curve was 0.74 (95% CI, 0.69-0.79; P<0.01) of serum leptin and 0.90 (95% CI, 0.87-0.93; P<0.01) of age as risk factors for the presence of CAVD, with an optimal cutoff point of 9.86 ng/mL (sensitiv-ity=84.50% and specificity=54.30%) and 63.5 years (sensitiv-ity=90.0% and specificity=72.1%), respectively ( Figure 6 ).
Role of Leptin in Patients With Different Age and Renal Function
Because the correlation study revealed that leptin was correlated with age and renal function, patients were further specified on the basis of the median of age (me-dian=65 years) and eGFR (median=82.06 mL/min per 1.73 m 2 ). Multivariate logistic regression analysis showed that an increased serum leptin level (as a log-transformed continuous variable) was associated with a greater risk among younger patients (odds ratio, 3 (Figure 7 ). In fact, among 187 patients whose ages were <65 years, 33 had CAVD. Serum leptin was higher in the CAVD group (20. (Figure 8 ).
Western Blot
The activation of ERK1/2 was stronger in calcified aortic valves than in normal aortic valves (Figure 9 ).
Discussion
The results of the current study showed that increased serum leptin level was associated with the presence of CAVD, particularly among patients aged <65 years and those with impaired renal function.
In general, CAVD is described as a degenerative process involving lipid deposition, inflammatory cell infiltration (predominantly macrophages), cytokine expression, and mineralization of the fibrosa layer. 24 These changes are positively associated with the progression of calcification and, together with valve remodeling, the distortion of the normal structure and function of aortic valves. 25 In previous basic research, leptin has been demonstrated to promote the activation and proliferation of circulating monocytes, induce the production of proinflammatory cytokines by monocytes (eg, interleukin-1, tumor necrosis factor, or interleukin-6), stimulate the Leptin is analyzed as a log-transformed continuous variable, an ordinal variable divided according to its tertiles, and a categorical variable using the lowest tertile as reference. Model 1, adjusted for age and sex. Model 2, adjusted for age, sex, body mass index, risk factors for coronary artery disease, level of coronary artery stenosis, alcohol drinker, lipid profiles, estimated glomerular filtration rate, levels of calcium and phosphorus, and leptin (tertile). As a continuous variable, OR is shown as per 1 SD. CAVD indicates calcific aortic valve disease; OR, odds ratio. Figure 5 . Odds ratio for the presence of calcific aortic valve disease (CAVD), according to leptin levels by restricted cubic spline. The odds ratio was adjusted for age, sex, body mass index, history of hypertension, risk factors for coronary artery disease, coronary artery stenosis, lipid profile, alcohol consumption, estimated glomerular filtration rate, and the levels of calcium and phosphorus. Knots were set at the 5%, 35%, 65%, and 95% percentiles. The median leptin level (12.53 ng/mL) was used as the reference. There was a significant nonlinear association between leptin and incident CAVD (P=0.03). The blue line represents age, and the green line represents leptin. The area under curve (AUC) was 0.90 for age and 0.74 for leptin; the cutoffs with the highest sensitivity and specificity were 63.5 years (sensitivity=90.0% and specificity=72.1%) and 9.86 ng/mL (sensitivity=84.5% and specificity=54.3%), respectively.
oxidative burst, and enhance chemotactic responses by acting as a chemoattractant in monocytes and/or macrophages. 26 Leptin was also reported to correlate positively with the oxidized low-density lipoprotein level 27 and play a role in CAVD by promoting the osteoblastic differentiation of human valvular interstitial cells. 28 However, the clinical relationship between leptin and CAVD remains unclear. In a small cohort study, Rosa et al observed an increase in serum leptin levels in 43 patients with aortic valve calcification. 28 Our study has a relatively large sample size, and all patients were selected specifically on the basis of echocardiographic determinations.
The major finding of this study is that serum leptin was significantly elevated in patients with CAVD and served as an independent risk factor for the presence of CAVD. Furthermore, our findings indicated that the diagnostic value of elevated serum leptin for the risk of CAVD was greater in younger patients and those with reduced renal function. However, the clinical relevance of elevated serum leptin levels in this population still needs to be investigated in a study with a longer follow-up. Leptin, which protects organs against the effects of starvation, 29 has been increasingly explored as a factor correlated with cardiovascular diseases, 12 but its mechanism in the development of CAVD is still being investigated. In an experiment, Zeadin et al found that adipocytokine leptin promotes the calcification of both coronary atherosclerotic lesions and aortic valve leaflets. 13 Rosa et al reported that leptin stimulates the osteoblast differentiation of valvular interstitial cells, the most prevalent cells found in human aortic valves composed of progenitor cells and osteoblast-like cells, in a protein kinase Band ERK-dependent manner. 28, 30 In our study, we found that ERK1/2 exhibited stronger activation in the context of CAVD as well. The inflammatory response is a hallmark of CAVD that has been extensively demonstrated. [31] [32] [33] It has also been reported that the proinflammatory effect of leptin is associated with various cardiovascular diseases. [34] [35] [36] Our study showed that the severity of coronary artery stenosis has a diagnostic value for the presence of CAVD to some extent, suggesting that the association of leptin with CAVD may be partly mediated by atherosclerosis. 37 In addition, leptin correlates with C-reactive protein. 38 Therefore, cardiovascular inflammation mediated by leptin might play an important role in the development of CAVD. Recent data have highlighted a potentially important link between the toll-like receptor-nuclear factor-jB axis-inflammation and CAVD pathogenesis. Accumulating evidence suggests that toll-like receptors could be significant contributors to the pathogenesis of valvular inflammation and the ensuing inflammation-driven calcification processes in aortic valves. 39 On the other hand, previous studies have demonstrated that leptin can possibly potentiate toll-like receptor ligandlipopolysaccharide, inducing an increase in the expression of tumor necrosis factor and contributing to increased inflammation. 40 Therefore, increased leptin may result in a more activated and proinflammatory state in individuals with CAVD.
Our results support the notion that valve calcification is a partially age-related disease, 41 as evidenced by a high prevalence of CAVD in elderly individuals. 42 In fact, one third of our elderly individuals had echocardiographic evidence of aortic valve sclerosis. CAVD becomes debilitating and can progress to its most severe form of calcific aortic valve stenosis, and 2% of individuals aged >60 years experience stenosis to the extent that surgery is required to preclude death once symptoms occur. 43 As CAVD predisposes patients to left ventricular diastolic and systolic dysfunction, 44 its early detection and diagnosis would be expected to improve the clinical outcome of these patients. In this study, elevated serum leptin was strongly correlated with the presence of CAVD diagnosed by echocardiography, and, furthermore, the Figure 7 . The forest plot showed the diagnostic value of serum leptin for the presence of calcific aortic valve disease (CAVD) (leptin was analyzed as a log-transformed continuous variable). Multivariate logistic regression analysis showed that an increased serum leptin level was associated with a greater risk among younger patients and those with lower estimated glomerular filtration rate (eGFR) levels. diagnostic value of serum leptin for the presence of CAVD was higher in patients aged ≤65 years, suggesting that serum leptin levels may be useful for detecting CAVD, especially in younger populations.
Numerous studies have indicated that chronic kidney disease is associated with aortic valve calcification. 45, 46 Kim et al observed that the risk of CAVD was 3.01-fold higher in predialysis patients (eGFR <60 mL/min per 1.73 m 2 ) than in those with normal renal function. 37 In a large study involving 5820 participants from the US Third National Health and Nutrition Examination Survey, elevated serum leptin concentrations were associated with chronic kidney disease after adjusting for age, sex, ethnicity, BMI, diabetes mellitus, hypertension, and serum cholesterol. 47 Consistent with previous findings, our study demonstrated a lower eGFR level in patients with CAVD than in those without CAVD. In addition, we found a negative correlation between eGFR and serum leptin levels. Subgroup multiple regression analyses revealed that leptin was more correlated with CAVD in those with renal dysfunction (eGFR <82.06 mL/min per 1.73 m 2 ). This finding implies that for patients with at least mild renal impairment, increased serum leptin probably had an improved clinical diagnostic value for the presence of CAVD.
Limitations
There are several limitations in our study. First, the study was a cross-sectional investigation of CAVD, thereby allowing us to detect associations, not to formulate causal links. Second, all patients were Asian and were selected from a single medical center, so the generalization of the current findings may be limited. Third, CAVD was assessed by 2-dimensional echocardiography and Doppler flow imaging in this study. Cardiac computed tomography could be useful to quantify aortic valve calcium as well. Finally, although we carefully controlled for the major known confounders, unknown factors may still have interfered in our findings.
Conclusions
The present study suggested that elevated serum leptin levels were significantly associated with the presence of CAVD, especially in younger individuals (aged ≤65 years) and in those with renal dysfunction. The potential clinical implications for the early detection of CAVD by measuring the serum leptin level and its role in CAVD prevention and treatment still need to be investigated. 10 . Teo KK, Corsi DJ, Tam JW, Dumesnil JG, Chan KL. Lipid lowering on progression of mild to moderate aortic stenosis: meta-analysis of the Figure 9 . The expression of extracellular signal-regulated kinase (ERK) 1/2 in the calcific aortic valve disease (CAVD) group with increased leptin levels and in the non-CAVD group with normal leptin levels. The phosphorylated ERK1/2 (p-ERK1/2) and total ERK1/2 (t-ERK1/2) were detected by Western blot (each group included 3 samples). GAPDH was used as the internal control.
